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ABSTRACT: Graphite fiber-epoxy resin composites were tested for their
interlaminar shear and flexural strength retention under long-term loading
at 50% of their ultimate strengthas. Specimens were evaluated in both wet
and dry envirorments. The largest deterloration occurred in the flexural
specimens loadcd in water. Under this condition, the per cent of strength
retained varied from O to 81%, depending upon the resin system used.
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WATER EXPOSURE OF STRESSED GRAPHITE FIBER COMPOSITES

This report describes the results of long-term loading tests on the
graphite fiber-reinforced plastic composites. The intent is to determine
the potential of such composites for use in Navy underwater structures.
With this in mind, particular attention was paid to the strength retention
properties in water. Earlier work in this area was reported 1ln October
1968 (ref. (1)). This report covers the effort from July 1968 through
July 1970, funded by the Naval Ship Systems Command under task SHIP-
13576/SF51-544~102 Prob. 200.

The accuracy of the results reported is limited by occasional large
variations in the strength values obtained. However, the trends observed
are deemed sufficiently clear enough to permit making the materials
comparisons presented hereln.

GEORGE G. BALL
Captain, USN
Commander
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INTRODUCTION

Much work has been done in recent years on the new high modulus,
low density graphite fiber composites. These composites offer great
potential for use in high performance struc’ =es where high strength-
to-weight and modulus-to-welght ratios are : ortant. To design structures
using these materials, it 1s obviously important to have a good understanding
of their load currying capabilities under various static and dynamic condi-
tions.

Earlier work of this type .as been reported in reference (1).
Emphasis was on studylng various carbonaceous fibers and composites with
different fibers in the same resin matrix. This report describes studies
on the long-term load carrying capability of graphite composites containing
different resin systems but with a single fiber reinforcement. A distinct
difference was found between the ability of graphite composites to with-
stand long-term static loading in air and their ability to withstand loading
in water. While the lowest per cent shear strength retalned after 22 weeks
of stressed water exposure was 90%, the per cent flexural strength retained
under this condition varied from O to 814 depending upon the matrix material.
Thie compares with a minimum of 88% flexural strength retained for all dry
conditions.

EXPERIMENTAL WORK

A. Approach

A review of the available graphite fibers, accompanied by a study
of 12 epoxy resin systems, was made. From these results four graphite-
epoxy composite systems were chosen. NOL ring composites were fabri-
cated and cut up into short beam shear and flexural specimens. These
gpeclmens were then subjected to long-term shear and flexural loadings
in both wet and dry environments. After exposures of 3 and 22 weeks,
the specimens were removed from the fixtures and tested for strength
retention,

B. Selection of Materials

1. Resin Systems. Twelve epoxy resin systems were tested for
various physical and mechanical properties before and after water boil.
Table 1 gives a listing of the resin systems selected for these tests.

2. Composite Systems. Modmor II-S fiber was selected as one
of the best available graphite fibers and was uced in fabricating all
of the composite systems. The resins used es matrix materials for the
four composites were Systems 5, 6, 7, and 9, as listed in Table 1. These
were chosen for their strength and strength retention properties. System 9
%s the(sa?e resin as was used in the previous long term loading tests
ref. (1)).

C. Tabrication of Specimens
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1. Resin Specimens. The resin specimens used were standard tensile
specimens, ASTM D630-0(T, Type I. These were cut from 1/8" thick plates
of cast epoxy.

2. Composite Specimens. NOL rings were wound in accordance with
ASTM 2291-67 using Modmor II-S fiber. Resin systems 6, 7 and 9 were wet
wound in a vacuum. System 5, because of its high viscosity, was prepregged
and then wound onto & heated ring mold. The cured rings were machined and
cut intc flexural specimens and short beam shear specimens.

D. Testing Prccedure

1. Resin gystems. The twelve epoxy resin systems listed in
Table 1 were tested for yield and ultimate tensile strengths, moduli,
energy to break, and hardness. These properties were retested after a
T2-hour water boll and the per cent welght gain measured. Some of the
earlier systems tested (2, S, 9 and 11) were water boiled only 6 hours.

2. Composite Systems. The fiber contents of the composite specimens
vere determined by heating samples at 600°C in a nitrogen atmosphere for
16 hours. Samples of the fiber and of each type of resin were run at the
same time. TFor each system, the percent weight lost by the fiber, the resin,
and the composite wes measured, and these values were used to calculate the
weight percent of fiber in the composite.

Groups of specimens from each system were tested to determine
the average shear and flexural strengths of the composites. All shear
tests in this program were short-beam shear (ASTM D23LL-6T), made at a
span-to-depth ratio of 5. All flexural tests were in four-point bending
wvith a span of 5.08 cm (2.00 inches) between the lower supports and & span
of 1.27 cm (0.50 inches) between the upper loading rods. Ratios of
lower span to speclmen thickness varied from 15.7 to 16.8.

The remaining specimens from each system vwere divided into two
equal groups. The first group was left unloaded. The second was loaded
in fixtures and stressed to 50% of the ultimate strength for the system.
The stress on each individual specimen was based on its original measured
width and thickness. After 24 hours, the specimens were reloaded, that is,
the load on each specimen was brought back up from the load to which it had
crept after 24 hours to the original load. The groups of specimens were
then further divided. Half of the loaded specimens and half of the
unloaded specimens were placed in shallow water (deionized tap water) at
70 $2°F. The rest were left in air at 50 +5% R.H., 70O $2°F. A breakdown
of the test environments for the specimens in each system i1s given in
Flgure 1.

Figure 2 shows a top view of a flexural fixture as it 1g being
assembled. Shear fixtures are shown in Figure 3. The loading of flexural
and shear fixtures, using an Instron test machine, is plctured in Figures
4 and 5, respectively.

After three weeks, some of the specimens were unlcaded and
tected for strength retention. The loads on the remaining specimens

2
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were restored at this time to their original values. To maintain a
relatively constant stress level, the load on each of these specimens

was checked at three-week intervals throughout the test. If necessary,

the specimen was reloaded. Actually, after six weeks there wvas very little
creep evident.

After 22 weeks, the remailning specimens were removed from thelr
test environments and tested for strength retention.

The above procedure is essentlally the same as that used for the
"long-term water exposure” tests of ref. (1). The main difference is that
in the earlier tests the specimens were not relosded at any time after the
initial load was applied.

RESULTS AND DISCUSSION

A. Resin Study

The results of the tests run on the twelve resin systems are
summarized in Table 2. The "as cast" tensile yleld strepgths ranged
from 27.6 x 10°n/m2 (LOOO psi) for System 2 to 62.1 x 1og§/m~ (9000 psi)
for System 5. System 6 had the highest ultimate strength, 125 x 1 n/m
(18,150 psi), and the highest initial m gdulus, 5.1 x 109n/m2 (0.75 x 106 psi).
The lowest ultimate sgrength, 50.} x 10 n/m? (7270 psi), and the lowest
modulus, 2.0 x 10%/m“ (0.30 x 10° psi), were those of System 12. The 72
hour water boil resulted in welght gadns of 1 to 3% for most resin systems.
System 6 was an exception with an unusually high weight gain of 9.7%. Yield
strength retention after the water boil varied considerably with some valueg
higher than the original strengths and others approximately L0% lower.
Ultimate tenslle strength retention ranged from 64% to B6% for the systems
subJected to 72 hour water boil. System 7 exhibited the best overall
strength retention properties with 92% yleld strength retention and 86%
ultimate strength retention after 72 hour water beil.

B. Composites Study

The composite fiber contents and average initisl strengths determined
from the preliminary tests on the composite control specimens are listed in
Table 3. Void contents calculated using the manufacturer's value oi fibder
density, measured resin and composite densities (see Tables 1 and 3), and the
volume fractions of fiber listed in Table 3 ranged from -0.3% to -1.h%.

These negative values indicate that some or all of the values vwhich are used
in calculating the vold contents are not known with sufficient accursacy.
While the resin and composite densities can be measured to within a fraction
of a percent, the fiber density given by the mnanufacturer and the weight
fraction of fiber determined by our pyrolysis method (see "Experimental
work"”, Section D) are probably only accurate to within 22 percent. A 24
increase in the value of fiber density, for example, would change the
calculated vold content of the System 5 composites from -0.3% to +0.9%.
Because of the inaccuracles in the procedure, specific values of void content
for each sample are not presented in thilis report. But from the calculations
and from past experience with vacuum winding, the composite void contents are
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generally from 0-2%.

The results of the long-term environmental test in terms of percent
strength retained are given in Figures 6 and 7. Figure 8 shows the percent
vweight gained by the composite shear specimens. The percent weight gailned
by the flexural specimens was very similar. None of the systems tested
averaged less than 86% shear strength retention for any test condition.
Shear strength retentlon is thus considered good especially when the average
values are examined together with the variations involved. Average
retention for shear specimens stressed in water ranged from 90 to 101%.
Flexural strength retention, on the other hand, varied from O to 81% for
specimens loaded underwater. This 1s particularly significant since the
lowest value ol flexural strength retention for all dry conditions was
88%. As found by others (refs. (1)), (2) and (3)), there is also no excessive
loss of flexural strength simply from unstressed exposure to water. In our
test a maximum of 9% flexural strength was lost by "wet-unloaded" specimens.
The previous report (ref. (1)) noted that "RAE (graphite) composites
survived both shear and flexural tests fairly well" except for "flexural
specimens in a wet environment under load."

Weight gain data (Flg. 1l1) show a tendency of loaded wet specimens
to absorb 0.1 to 0.2% more water than unloaded wet ones in a 22 week period.
This correlated nicely with strength deterioration results. Water plckup
alone, however, does not seem to be a good indication of the ability of
composites to withstand long-term loading in water. All of the "wet-loaded"
flexural specimens in System 9, for example, failed in the fixture before
the 22 weekc was up, while those in Systems 6 and 7 showed about 80% strength
retention. Welght gained by System 6 specimens, however, was the highest
at 2.0% while Systems 7 and 9 both galned 0.7%.

The composites fabricated using the ERLA 4617 and the ERX-16 resins
(both relatively new) withstood stressed water exposure better than the
composites made with the other resins. Still, even the 4617 and ERX-16
systems showed 20% loss of the flex strength in the loaded-wet condition.

It would appear, therefore, that water immersion under flexural stress

is a good indication of the ability of graphite composites to withstand

water environments. This was also found to be the case prreviously (ref. (1)).
3tudies similar to ours were done simultaneously at the Fiberite Corporation
{ref. (4)). Results are not entirely comparable, probably because the test
conditicns were somewhat different. However, Fiberite also selected resin
systems on the basls of long-term water expcsure of graphite composites under
flexural load. From a theoretical point of view, the question remains as to
what type of deterioration took place in our test to cause flexurally
stressed specimens to weaken and not those stressed in shear. Thils
deterioration of specimens flexurally loaded in =& water environment does

not preclude the use of graphite composites for underwvater structures.

This test 1s particularly severe, and is a materials test to show differences
in materials under extreme conditlons. A real structure, with no exposed

cut ends and under a compressive stress which tends to close cracks and volds,
would survive much better underwater than these test specimens. This has
been shown to be true on structures made from glass reinforced plastics.
Alfers and Graner (ref. {5)) found that glass reinforced polyester laminates
taken from the falrwater of a submarine retained 88% flexural strength

after 5 years of service. Cylinders made at NOL from S-glass und an Epon
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828 resin system showed almost no deterioration after beilng exposed for over
5 years to external water pressures that were 70% of the breaking pressure
for control cylinders. This good strength retention of the cylinders
occurred even though samples of this composite showed a 25% loss of short
beam shear strength after only 6 hours of water boil (ref. (6)). Using the
best materials from this work with graphite composites, the construction and
testing of model or typical structures would show the stability of these '
materials in their intended spplications.

SUMMARY AND CONCLUSIONG

There is a distinct difference between the ability of graphite composites
to withstand long-term static loading in air and their ability to withstand
similar loading in water. None of the composites tested showed a significant
logs of strength when loaded dry. In water, however, two of the systems
falled completely under long-term flexural locading. The other twc lost about
204 of their original flex strength in 22 weeks of wet loamding. Thus, it
appears that graphite composites are sutject to deterioration when loaded in
water. The deterioration may be limited or quite extensive depending upon
the resin system used. Water exposure alone, without loading, does not
result in any significant strength loss. Nor does shear loading in water
show any deterioration in a 22 week period. Water immersion under flexursl
stress is the only combination found in this series of tests to indicate
serious deterioration in the composites.

RECOMMICNDATIONS AND FUTURE PLANS

Further testing of graphite composites in water environments 1s needed.
For example, although the ERLA 4617 resin did quite well in this test, ERLB
L4617 has been reported to be superior for use in water and should be evaluated.
Underwater testing of actual structural models would give useful information.
Future work at NOL will be directed toward fabrication and testing of
filament wouwld cylinders.

ACKNOWLEDGMENTS
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TABLE 1

RESIN SYSTEMS

Parts Density of
System Ly Cast Re:
NO. Compcnents Wwt. Cure Cycle (g/ec)
1 Epor 826 100 2 hrs at 80°C 1.197
Methylene Dianiline 28 16 hrs at 130°C
2 hre at 160°C
2 Epon 826 100 L hrs at 90°C 1.218
Nadic Methyl Anhydride 85 16 hrs at 150°C
Benzyldimethylamine 3.5 2 hrs at 200%C
3 Epon 826 100 4 hrs at 75°C 1.182
BEthyl Methyl Imldazole 15 ‘16 hrs at 150°C
4 Epon 826 100 4 hrs at 90°C 1.220
Ethy)l Methyl Imidazole 2.5 16 hrs at 150°C
Nadic Methyl Anhydride 85 2 hrs at 200°C
5 Den 438 100 L Hrs at 90°C 1.250
Nadic Methyl Anhydride 85 16 hrs at 150°C
Benzyldimethylamine 1.5 2 hrs at 200*C
6 ERLA L617 100 L hrs at 85°C 1.273
Meta-Phenylene Diamine 27 3 hrs at 120°C
16 hrs at 160°C
7 ERX-16 100 16 hrs at 66°C 1.218
Curing Agent Y Ly 4 hrs at 93°C
4 hrs at 135°C
8 hrs at 177°C
3] ERE-1359 100 Lk hrs at 90°C l.272
Nadic Methyl Anhydride 116 16 hrs at 150°C
Benzyldimethylamine 2 2 hrs at 200°C
9 ERL 2256 100 3 hrs at 100*C 1.230
771, 0820 27 3 hrs at 150°C
10 Epon 626 100 2 hrs at 100°C 1.248
Epon 1031 100 6 hrs at 150°C
Nadic Methyl Anhydride 180
Benzyldimethylamine 1.1
11 Epon 828 100 1 hr at 63°C 1.161
Curing Agent D 12 1 hr at 150°C
CTBN (Hycar liguid rubber) 5
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TABLE 1
(Continued)
Parts Density of
System by Cast Resin
No. Components Wt. Cure Cycle (g/ce)
12 Epon 628 100 2 hrs at T1*C 1.092
Dodecenyl Succinic Anhydride 115.9 4 hrs at 150°C
Empol 10LO 20
Benzyldimethylamine 1




kil —— N TR
e m e e ap b e e D

¢2°0 61T 0T g2 0°26 0°2§ PA R % 1106 A 2L
gT°0 121 12 T°¢ - - - 4 3s%) SY ot
0%¢°0 611 6 g 6°2 g9°49 G 6h 00°'T 9 TFod JH 9
¢2°0 Qrt 6°9 62 L-g96 246 - 9 31580 sY 6
o 0Tl 1T 1€ 9709 9*09 ¢€9°'1 4 1709 IH 2L
0 (0] 34 - 1°¢ - - - f 188) 8Y g ;
62'0 g1t g0 T°4 g°26 9y 912 f TTod IH 2L !
£1°0 21 1T 24 L°T19 Ggh - 0 19B) 8Y L
T6°0 6ot T4 16 6°68 6°6¢ oL*6 K Trod *IH 2L
¢T°0 21 0°9 1°¢ T 268 - % 1980 Y 9
Q €e0 61T 8T 82 L99 T 44 660 9 Ttod IH 9
o 620 gt KA 82 8769 129 - 9 WD Y 6
(o]
™= %0 ¢TI 11 L2 Long Lns 6C T 4 1708 “JIH 2i
m %0 AR 62 2°¢ 61l g1 - Y 389 sY i o
[«
= 68°0 9 91 n°2 a°¢ 2-6¢ 9 ¢ G T¥0d *IH 2L
9%°0 201 16 T°¢ 4°29 12y - 4 389) sY ¢
9% -0 70T %1 62 T°45 48 1 05°0 ¢ TTo€ *JH 9
€60 #0T - g2 0°99 9*lc - % 98w) sY 2
940 ot 92 6'1 0°¢6 T°¢¢ lg-t S 1109 “JH 2L
o0 Lot 1°9 1 ¢ 1L 962 - Ui 158) SY 1
( wamr) Bupeay  (samnol)  (4-01 (g-0T (9-0T1 uted  susmyosds  uopieIedsag wWIYsAg
uop3IeIuUIpuUl  TreMNo0d yeaxg X ma\nv X wa\uv x NE\:V EReech T Fo
ve 0% sumpod  WBuarlg  qiBuaays julnaag J3qumy
SSIUPIVY W TToM%00Y fB1sug TBERTUL  °3¥WIITN PT2TA

TI0€ YIIVA YALIY QNV J0ddd SNIWINALS NISTH JO SHIIHEJONd TIVHIAV

2 TIIVL




R
¢
4
:

- - 2°9 9°T 0°2t 9°gr - 9 Tvod *IH 2L
- - 2°€ 02 T°06 LTt - 9 3580 SY FA
2'T 69 T'g 21 G*e6 T°€E ST°T L TI09 *JH ©
o°'T 09 0°h G2 619 6°6¢ - 9 1880 SY 1T
() ~Jurpeeyg (sernol)  (g-01 (9-0T (9-0T  urw suswioads vorjeiedely woysks
UOTIRIUSPUT  TTOAXOOH Xeoxg X Na\nv x Zufu)  x ws\nu I ToM Jo
ITed 03 MNP U3Juaxls qIBuRIlS  JUSDIAg JoqumMy

SSSUDTSH W T1oAY00Y  ABIoug TEFATU 93WmT3TN  PTITX

(penuriuod) g FIGVL

htin o \ gideiand TR ERS A S T T




ROLTR T0-258

‘42 03 (0 93UBI I3 UT 9q 03 UNMNIBA B UT PUNOA 833Tsodmod JOJ SIURUOD PFOA UMOYS SBY duatIadxd  FTION

6%0°0 S 4T 0%0°0 868°0 €S o9 26°1 6
060°'0 ¢t £50°0 630" T gh 6¢ 94°1 L
AR 9°1T 0¢0°0 L90° T 18+ Qi g1 9
T60°0 ¢t 200 %1g8°0 09 Q9 661 G
(Teanxstd) 6-9 x mﬂ\qv (reays) Aw-o,ﬁ X mﬁ\ﬁ JaqRd Jo I=2q1d Jo £aTsusq  welsAs
GOTABRTIBA q33uarls UOTIRTIRA q3duaxss 1uldI3g juadra3
Jo TeIXITd o TS SWNTOA gL o) Y
QU TOTII®0D EY. KR ETN JUITOTIFI0D Yo - R EYN

SNIWIOIIS TOWINOD ILISOJMOD J0 SILIMAIOHd

¢ TIWL

10




NOLTR 70-258

SNIWIDIAS 40 YISWNN FLVIIONI S1INIvHE NI SHITWNN

1S31 INIGY0T JILVIS NI
SNIWIJIdS 31ISOJNGI Y04 SINIWNOYHIANS | “Iid

(BlA¥C (81 13mM [8) AMO (8) 13m (8] A¥O (8] 1IM (8) A¥O (8] L1IM

NN N\

(91) avo1 %08 (o1l avon ON (91) av01 %0S (91) Gv01 ON

NN

(6] STOULNOD<+—(LE] 1SIL YVIHS (c] STOULNOI<—(Lg) 1S31 WHAXIT4

N

W31SAS 31ISOJNOD




NOLTR 70 258

34NLXI3 INIQVOT Tv¥NX3Td JILVLS 46 ATEWISSY ¢ "9I4




NOLTR 70-258

s3unixid
YV3HS

a0y 9N
o un fod
i

e

I

Yol

s

Junixy
LININNIITY
a0y INIav0




NOLTR 70-258

o 3unAXi
- XId

e

00y L1 L




NOLTR 70-258

N ININTIIES
078 L40ddN$ 3YMLXIA
©UNLXIE YYIHS ——

I%04 INIOVOT.




ik il I TR Y Y

v il Lol Ly ¥ i el b o bl

INIQVOT YVIHS JILVLS NI NOILNILIY HIINFYLS ILISOJWOI 9 9id

(NIS3Y 0280 127 :96ZZ W3/¥391d I} SOWAOW! HOLLYINYA 40 [MSTY A INIIV FUNI 91-XYI/ YIS Il YOWAOW) NOLLVI¥YA 40
& WILSAS INVE LVAON 1 W3ISAS JINVE LYK
g A ~ SLNIN3s Zve p A N SININD3S Hve
13N A¥Q YUVO 1NOHS 1M ANG NE/C LHOWS
¥ } | sy 1 | 1 I 1
V01 %05 aveo on avon %05 ovo1 oM av01 %0§ Vo1 ON avo % avot oN
—— — 0 = S 0
ol 10
%o {2
] w Nl 8 w B w 0 m Nl N w I £ N|w q0¢ m
R E3E EE] ZIX v o X EIES x|z Xz oo
22 2|z E 212 2 2| 2[R 22 g% 2
n|n b2 k-4 »ln wion 05 = w|o ala v alal os =
09 = Jos =
=3 E
o 3 dor
"8 3 du &
T, g o )
05 o6
| = - —Fl
-rll 00 I|-| oo
[ -
[Te)
g
o
P~
(-4
-
—d
[—]
x
[NISTY VOd-w -L19¥ YW /43913 I SOWOOWI NOILVSYA 30 (NISTY YINGS -VWN :BE¥ N30, 33813 1} YOWOOW! NOLLYIYA 1D
JINYY ILYIION; IINVY ILVIIONE
9 WILSAS pophiiiev § WAISAS SIS 1Y
4 e AS0 VNV LYOHS - LIM AUD A WHYD 140MS
¥0Y %08 0¥01 ON a0 %0s avoy oN a¥0Y *0§ 0¥01 ON Q¥03 “.05 avo1 ox
r 0 T 0
0 o
[ .m 40z g
8w Bl Ble Nlof TeE Blw P i Blw| %X
E XK % | = %X £ X o £ % E AR £|= £l v 5
Zlz 213 2|8 e 2 3|8 z|s =z B 2
b3 zla ala > Sm Ao Sla bl §3 15| s 3
0| 3 o3 T
: S
o2 ot m
o E lg &
Qo
0% r..-.. B - o
- . | o 001 ' o




NOLTR 70-258

(NIS3¥ 0Z80 122 :962Z 143/¥3EH3 K HOWOOW)

gNIOYOT TYEAXITY DILYLS NI NOILNILIY HIONIYLS 3LISOAWOD L "I

{NIS¥ A LN3SY 34nJ 91-X¥3/¥3813 I HOWODW)

HOILF VA 10

5 NALSAS FTTRICE L
p ~ SLNIK23S wva
138 ANO YUYG LAONS
f -
avil _is avol ON n_fa._ %06 avni a_._
a
—r e
x| % £|% | % | %
m|m™m L RE mim m | ™ A4
mio o mim m|m oz °
= x 2R3 -
N i P | »|o -
| 0f =
= Jw 2
P o 5
n =
h -2
= =
z 0 =
] 08 =
H H
= o 5

INIS38 ¥O4-W  1G¥ VIHI/¥38IJ || YOWOON]

“¥

—r
g

NOILYINYA 1O

9 WAISAS NS 3LVNTM
p _ — — SLNInals ure
3R A¥0 APYO JUONS
L S 1
0¥01 %0S 0¥01 at_ 0¥01 %05 Qay01 O
o) "ire 0¥D1 ¢ LULEGL: s B
Nlw Nijw Nlw Nlw o
= x| % x| E £|=
I 22 - B du-
a > S 213 i m
% =
o
w
os 5
o =
=
8 _
o =
00l

NOILVIYYA dC
ISNYY JLYIINL
SININI3S Hve
NEYQ LUOHS

By

1

INIS3Y ¥WO3 (VNN BCY N30/¥3413 1) HOKIOW)

¢ WALSAS
r 1M Ang A

\ — v
¥01 %0 0¥Q1 ON %01 %08 gyY01 ON
SRS, — ———
S| Sl 2 Slw
x| x zx HH A
m|m - ™ mlm mim
= x| = x| * x )=
oo alo ala oo

R SV WS T
¥ 3 & =

Q3INIVLI3Y HLIONINLS TYHNXIS °

IR
R 8

'
8 3

—
g

NOILYINVA 30

-

S W3ISAS 19NYH TAVIIGN
— o aaaad ~ SLNINSIS ¥vE
13k Ad0 WD LUONS
—1 r
Y07 %08 0Vl oM Y01 0§ ovol o
n
0
Rle Rio Isl. sl
|=1% £z =|= ==l @
nlm mle alm olem K
ala bl 3 t=|= x | > 0z _,
(2N B2 wlan 23 KE) wiwn 2
= _0 0t m
z = o
2 12 or =
=z 2
|2 _m. 05 3
(5 2 09 =
— _ 3 m
1z = oL
] x E]
_ 2 _M 0B >
5 { ] z
_ ! - 6 ©
e i m




%WEIGHT GAINED

% WEIGHT GAINED

20

N
o

Y
(-]

ey T T T TrT

NOLTR 70-258

1

. n e 141
- =85 25
| (7]
er ¢E B ¥E%
- ; w 'i‘ N ma
- B T o |—|
. ™M ™ o | l
— | cn X L
NO LDAD LOADED NO LOAD LOADED
DRY WET
SYSTEM 5

(MODMOR 1i FIBER/DEN
438:NMA:BDMA RESIN)

3 WEEKS

22 WEEKS
3 WEEKS
22 WEEKS

3 WEEKS
22 WEEKS
3 WEEKS
22 WEEKS

e
R

1

.

NO LOAD LOADED NO LOAD LOADED
DRY WET
SYSTEM 7

(MODMOR i FIBER/ERX-16:
CURE AGENT Y RESIN]

20

B

1.0

22 WEEKS

| 3 weeks

22 WEEKS

-
3 WEEKS
22 WEEKS
3 WEEKS
22 WEEKS
[ | 3 weeks

117 T 7T T

NO LOAD LOADED NO LOAD LOADED
DRY WET
SYSTEM 6
(MODMOR [l FIBER/ERLA
4617:m-PDA RESIN]

2.0
- g2 oFf
L My &g
gx 4=
1.0- o v m:: ﬂm
P x I
-~
- dF ¥E
F N el I ‘
o~ r—m
. I L ) L J —_—d
HO LNAD LOADED NO LOAD LOADED
DRY WET
SYSTEM 9

(MODMOR I FIBER/ERL2256:
2210820 RESIN)

FiG. B PERCENT WEIGHT GAIN OF COMPOSITE SHEAR SPECIMENS




w—

WNCIASSIFIED

Securnty Classification

DOCUMENT CONTROL DATA-R&D

(Security «Jassification of title, budy of abstract and indexing annotation must be entered when the overall report (s classitied)

! ORIGINATING ACTIVITY (Corporate author)

Navel Ordnance Iaboratory
Silver Spring, Meryland 20910

2a, REPORY SECURITY CLASSIIFICA TION

Unclassified

2b. GROUP

KREFORT TITLE

WATER EXPOSURE (F STRESSED GRAPHITE FIBER COMPOSITES

a

- DESCRIPTIVE NOTES (Type of report and inclusive dates)

Annual

- AUTHORIS) (First name, middle initial, last name)

M. L. Santelli

R. A, Simon
6. REPORT DATE 78, TOTAL NO. OF PAGTS 7b. NO. OF REFS
8 February 1971 23 6
8a. CONTRACT OR GRANT NO. 9a. GRIGINATOR"S REFPORT NUMBE R(S)
b PRoJECT no. Tagk SHIP-13576/SF51-Skh-102, NOLTR 70-258
Problem 200
c. 9b. OTHER REPONT NOI(S) (Any other numbers that may be assigned
this report)
d.

, DISTRIAUTION STATEMENT

. SUPRPLEMENTARY NOTES 12. SPOMSORING MILITARY ACTIVITY

Naval Ship Engineering Center
Prince Georges Centexr
Hyattsville, Maryland 20782

Dh-l ‘FNUOR:‘”‘1473 (PAGE 1)

o/h 0101.807.6801

I ABSTRACT

Graphite fiber-epoxy resin composites were tested for their interlaminar
shear and flexural strength retention under long-term loading at 50% of their
ultimate strengths. Specimens were eveluated in both vret and dry environments.
The largest deterlioration nccurred in the flexural specimens loaded in water.
Under this condition, the per cent of strength retailnedl veried from O to 81%,
depending upon the resin system used.

UKCLASSIFIED

Secunty Clissarhication




URCILASSIFIED

Security Classification

te WEY WORDS LINK A LINK B LINK €
ROLE wTY ROLE wWT ROLE wT
Graphite Fiver Composites
Reinforced Ilastics
Water Exposure
High Modulus Structural Material i N
-
FORM
DD 2., 1473 sk UNCLASSIFIED

frhcd ) Security Classification




